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Abstract Introduction Acute lateral patellar dislocation is a common knee injury pattern.
However, coincidental osseous defect may be present in normal knees.
Purpose Evaluate the characteristics of osseous bone defect and describe a new
ancillary sign associated with lateral patellar dislocation.
Materials and Methods Magnetic resonance imaging (MRI) of 50 consecutive
patients referred following a traumatic lateral patellar dislocation of the knee joint
and 50 patients with knee pain without MR features of patellar dislocation were
obtained for evaluation over a 7-year period. They were analyzed for location of bony
defects in the periarticular region.
Results Of the 50 patients who underwent MRI following a reduced traumatic lateral
patellar dislocation, 3 patients had an osseous “crater” of more than 2 mm in depth on
the non-articular surface of the lateral femoral condyle. None of control group of
patients had an osseous defect measuring more than 2 mm in depth.

Keywords Conclusion This associated finding of an osseous “crater” of more than 2 mm on the
= knee joint non-articular surface of the lateral femoral condyle following traumatic lateral patellar
= knee injuries dislocation is a rare occurrence. We highlight this as an ancillary sign of lateral patellar
= patellar dislocation dislocation necessitating careful evaluation (Crater sign of Bhamidipaty Rajesh lyengar
= radiology Kartik [BRIK]). The presence of lateral femoral condyle “CRATER” sign of BRIK on MRI
= magnetic resonance  undertaken for other reasons in the knee, in the absence of osseous edema may
imaging suggest a past episode of severe, reduced patellar dislocation.
Introduction on the patellofemoral joint (PF)).? This lateral tendency is

counteracted by the larger, more steeply inclined facet of the
Acute lateral patella dislocations are a common injury pat- lateral femoral condyle (LFC), which extends more proximal-
tern and may account for 2 to 3% of all knee injuries.! Thereis  ly to provide a bony buttress along with the dynamic
anatural propensity of the patella to dislocate laterallydueto  restraint by the lower insertion of the vastus medialis
anatomical configuration and the biomechanical influences (VM) on the medial border of the patella. Instability of the
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PF] can be due to static osseous abnormalities such as
trochlear dysplasia (trochlear morphology), patella alta
(higher position of patella), abnormal skeletal alignment
that alter the biomechanical axis of the knee joint (e.g.,
increased Q-angle, genu valgum, increased internal tibial
torsion) or soft tissue imbalance.> The medial patellofemoral
ligament (MPFL) complex is the most important static medial
soft tissue constraint and reported to show 50 to 80% of
restraint in preventing lateral patellar dislocation.*>

Tall, young adolescent females, overweight males, young
athletes appear to be at a higher risk of lateral patellar
dislocation.® The commonest mechanism of injury for a
lateral patellar dislocation is an indirect force delivered
from a twisting valgus knee injury with ~10% due to direct
knock to the medial side of the knee.” Lateral patellar
dislocation in an acute setting presents with an inability to
weight-bear with the knee held in flexion. Most of the lateral
patellar dislocations tend to reduce spontaneously or with
close reduction in the emergency department.° However,
there is an increasing evidence to suggest that traumatic
lateral patellar dislocation may not be an innocuous injury.
There is an increasing focus on risk stratification to identify
associated injuries, which may require stabilization or pre-
dictors for recurrence.'’ Complementary imaging, particu-
larly magnetic resonance imaging (MRI) is becoming
valuable and increasingly being used to evaluate concurrent
soft-tissue injuries and/or osteochondral fractures.'’ The
commonly described primary signs on MRI include disrup-
tive injury to the medial retinaculum and medial patellofe-
moral ligament (MPFL) along with characteristic kissing
contusions seen in the inferomedial pole of the patella and
the anterolateral aspect of the lateral femoral condyle.'>'3

It is well-known that an impaction injury may happen
following traumatic lateral dislocation of the patella.’'%14 1t
has been reported that more than 90% patients have features
of bone edema on the lateral femoral condyle following a
such an injury. Up to 40% of these patients may demonstrate
osteochondral lesions of the lateral femoral condyle on
MRL'> Traditionally, secondary osseous signs associated
with ligamentous injuries such as the "lateral femoral notch
sign” in the anterior cruciate ligament (ACL) tears involve
sulcus depth of more than 1.5 or 2mm.'6-18

In this study, we highlight an atypical secondary feature
on MRI following lateral patellar dislocation seen in certain
patients. This is characterized by an impaction lesion of more
than 2 mm in depth on the non-articular surface of the lateral
femoral condyle. We describe this new ancillary finding as
lateral femoral condyle “CRATER” sign of Bhamidipaty Rajesh
Iyengar Kartik (BRIK). We assessed the presence of associated
incidental osseous lesions at this site exploring the possible
biomechanics and clinical significance of the lateral femoral
condyle “CRATER” sign of BRIK."®

Patients and Methods

Patients
Following local hospital committee ethics approval, a search
of our Radiology Information System (RIS) and Picture
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Archiving and Communication System (PACS) was performed
to identify 50 consecutive patients referred with a traumatic
lateral patellar dislocation of the knee joint for an MRI over a
7-year period. All lateral patellar dislocations had been
reduced spontaneously after the initial injury. These patients
had characteristic features of acute injury suggested by
osseous edema of lateral femoral condyle and medial part
of the patella on MRI. The MRI studies of 50 consecutive
knees without patellar dislocation were assessed for a com-
parative cohort analysis. The age and sex in each case were
recorded.

Image Analysis

Images from each of the MRI study were reviewed by the
senior author (single reviewer), a fellowship-trained muscu-
loskeletal radiologist with more than 10 years’ experience.
Patients with a history of previous surgery were excluded.
Imaging protocols and assessment consisted as a minimum
of axial proton density (PD) or PDFS, T1-weighted, proton
density fat suppressed (PDFS), STIR coronal, and PDFS sagit-
tal images of the knee joint. Radiological images were ana-
lyzed for the presence of bone defects on the peri-articular,
lateral side of the knee. The location of any bony defects, bone
bruising, edema, contusion of the lateral femoral condyle
were noted in both group of patients. If there was a osseous
defect on the lateral femoral condyle surface, its location,
site, and depth were recorded (~Fig. 1). A bone defect of
more than 2 mm in depth was considered significant as noted
in similar ancillary signs reported in the literature.'®"'® To

Fig. 1 Schematics of axial of knee showing crater of the lateral
femoral condyle with osseous edema (blue), a is the tangential line of
the crater and b is the depth of the crater. BF(biceps femoris), GASTR
(gastrocnemius), LFC(lateral femoral condyle), MFC (medial femoral
condyle), PT (patellar tendon).
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document the location of the osseous “crater” of more than
2mm in depth, the lateral femoral condyle was divided into
anterior, middle, and posterior thirds. The medial supporting
structures (superficial and deep MCL, medial patella-femoral
ligament (MPFL) posterior oblique ligament [POL]) were not
assessed in this study.

Microsoft Excel data sheet was used for data collection
and analysis.

Results

Baseline Demographics

Of the patients included in the study, 50 were referred
following a traumatic lateral patellar dislocation of the
knee joint, there were 25 male and 25 female patients
with a mean age of 23 years (12-57). In the control group,
there were 28 male and 22 female patients with a mean age
23.4 years (13-57 years).

Assessment of bone defects in the lateral femoral condyle
revealed the presence of co-incidental bone defects in nearly
half of the patients belonging to the control group (24/50)
although none of them were more than 2 mm in depth. On
the contrary, review of MRI in patients following acute lateral
patellar dislocation revealed bone defects of less than 2 mm
in 14 patients, while 33 patients had no visible bone defects
(=Fig. 2). The crater was identified and measured at the level
of lower pole of the patella (~Fig. 3).

Three patients had an osseous “crater” of more than 2 mm
in depth on the non-articular surface of the lateral femoral
condyle (=Fig.4). Patient characteristics and the depth
measurements of “crater” found on non-articular surface
of the lateral femoral condyle (LFC) is shown in (~Fig. 2).
Crater was noted in anterior one-third in all three patients.

Discussion

Traumatic lateral patellar dislocation characteristically pres-
ent with an obvious deformity and most resolve with spon-

50 patients with acute lateral patellar
dislocation

Group 1 (No crater sign) Group 2 (crater sign)
47 patients 3 patients

(24 males, 23 females) (1 male, 2 females)

l

Depth of crater

1=2.3 mm
1=2.5 mm

1=4.0 mm

Fig.2 Patient characteristics, presence and the depth measurements
of bone lesions and “crater” found on non-articular surface of the
lateral femoral condyle (LFC) following patellar dislocation and con-
trol group.
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Fig. 3 Axial PDFS of knee of two different patients showing lateral
femoral condyle crater sign with a depth of more than 2 mm. a is the
tangential line of the crater.

Fig.4 PDFS axial (A) and sagittal (B) showing level of measurement of
crater in relation to the lateral femoral condyle.

taneous reduction or reduce with close reduction in an
emergency department setting.’” However, although these
injuries are common and most are managed conservatively,
treatment algorithm of primary patellofemoral dislocation
still appears to be controversial with evolving guidelines.® It
is reported that up to one-third of patients will also show
concomitant injury to the major ligaments of the knee or
concomitant osteochondral injuries, which may not be obvi-
ous on plain radiography.?’ This may lead to prolonged
morbidity and the risk of recurrence.?? Consequently, com-
plementary imaging in the form of computed tomography
and MRI is increasingly being utilized to exclude associated
injuries that may require surgical intervention or a targeted
rehabilitation regime.®'3-2> MRI provides an excellent, non-
invasive modality to assess concomitant knee injuries along-
side a focused clinical examination to plan appropriate
patient management.

In patients with traumatic lateral patellar dislocation,
along with the characteristic injury pattern to the MPFL,
kissing contusions of the patella and the lateral femoral
condyle, lipohemarthrosis, joint effusion, bone bruising,
contusion, osteochondral fractures or features of underlying
patellar instability such as trochlear dysplasia can be evalu-
ated with MRI. In the context of trauma, these represent the
residual footprints from the severity of the knee injury and
help the clinician to direct patient treatment.

While numerous studies have described the above bone
bruising and soft-tissue injury patterns, these have not
assessed the depth and location of impaction injury on
lateral femoral condyle following a lateral patellar disloca-
tion. Our study has revealed features of an unique pattern of
impacting lesion on the anterior half and non-articular part
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of the lateral femoral condyle. The depth of this osseous
crater on non-articular anterior one-third of lateral femoral
condyle is more than 2mm and was found in 6% of the
patients evaluated with MRI following relocation of the
patellar dislocation. We hypothesize that this pattern of
bone lesion of more than 2 mm in the anterior one-third of
the lateral femoral condyle represents a clinically signifi-
cant injury. As the knee joint is one of the commonly
imaged joint, co-incidental osseous lesions are not uncom-
mon."? It is acknowledged associated incidental osseous
lesions may be found at the site of MRI imaging, which may
need further evaluation. However, a bone defect of more
than 2mm in depth has been traditionally considered
significant as noted in similar ancillary signs reported in
the literature on MRI of knee joint.'®"'® This seems to be
strengthened by the finding that none of the patients in the
control group revealed any defects more than 2mm in
depth.

We believe the significant bone defect results when
patellar dislocation occurs with a substantial force and
relocates back in the trochlear groove. The presence of
this lateral femoral condyle “crater sign” may direct the
clinician to ensure there is no associated concomitant injury
and decide whether a longer period of immobilization or a
targeted rehabilitation regime is required. In addition, the
presence of such a lateral femoral condyle “crater sign” in
MRI of the knee undertaken for other symptoms may
indicate that the patient has had a previously reduced
patellar dislocation. In the absence of osseous marrow
edema, a positive “crater sign” will represent the residual
footprint of such an injury and could explain current
symptoms or features of instability. An heightened aware-
ness may mitigate the incidence of recurrence and help the
clinician to direct appropriate patient treatment.

The “crater sign” may also assist in the evaluation and
management of trochlear dysplasia (TD). TD, which is char-
acterized by an abnormally shaped trochlear groove has a
well-established relationship with recurrent patellar insta-
bility and dislocation.?4=2® The presence of “crater sign” may
represent an additional contributory factor to be considered
in the management of patients with TD and patellar insta-
bility. However, this hypothesis will require further study
and validation to establish such a correlation.

The lateral femoral condylar notch sign seen in ACL
injuries is in the anterior part of the lateral femoral condyle
that is covered by articular cartilage unlike those that are
seen with patellar dislocations, which are in the lateral
nonweight bearing part of the lateral femoral condyle.

Limitations of the Study

There were a few limitations to this study. This was a
retrospective study. Second, the sample size was small.
However, considering increasing evidence to suggest that
traumatic lateral patellar dislocation may not be an isolated
injury, our finding may initiate larger prospective studies to
confirm the significance of the lateral femoral condyle
“CRATER” sign of BRIK.
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Conclusion

We report and describe a rare radiological finding and an
ancillary sign in patients with traumatic lateral patellar
dislocation. The presence of lateral femoral condyle
“CRATER” sign of BRIK suggests a clinically significant injury
to the affected knee. It may signpost the clinician to rule out
associated injuries and formulate a focused management
plan. It may represent the residual footprint of a significant
patellar dislocation and carry implications in the manage-
ment of patellar instability in patients with trochlear dys-
plasia. Further studies are required to consolidate these
findings and understand the significance of the lateral femo-
ral condyle “CRATER” sign of BRIK.
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